Introduction
Curative surgical resection followed by adjuvant chemotherapy has been universally proposed as a standard clinical practice for patients with resected stage III colon cancer. 1, 2 It is well established that adjuvant therapy with a combined regimen of oxaliplatin and fluoropyrimidines (5-fluorouracil ) is a more effective treatment, and it was shown to increase the disease-free survival (DFS) rate for stage III colon cancer from 4.4% to 12.3% compared with 5-FU alone. [3] [4] [5] Additionally, administration of a fixed 6-month regimen of oxaliplatin-containing adjuvant chemotherapy is generally recommended.
In fact, approximately 30% of patients failed to complete the full planned course of adjuvant chemotherapy after surgical resection because of therapeutic toxicity, poor tolerance of intensive therapies, and economic burden. 3, 5, 7 Moreover, 25%-30% of patients with stage III colon cancer ultimately develop distant metastases despite receiving curative treatment. 8, 9 Therefore, the management of stage III colon cancer remains challenging, and understanding the prognostic factors affecting stage III colon cancer is important to individualize adjuvant chemotherapy according to patient classification.
Currently, colon cancer is not recognized as a single entity but is divided into proximal (right) or distal (left) compartments at the splenic flexure. 10, 11 Accumulating evidence has revealed that cancers arising from different sides of the colon exhibit different features, such as epidemiological incidence, physiological characteristics, molecular alterations, and even survival outcome. [12] [13] [14] [15] Compared with left-sided colon cancer (LCC), right-sided colon cancer (RCC) more commonly presents as poorly differentiated and locally advanced tumors with specific molecular characteristics that include a highlevel 5'-C-phosphate-G-3' (CpG) island methylator phenotype (CIMP), microsatellite instability (MSI), and BRAF mutations as well as a worse survival outcome. 13, 14, 16 However, the survival benefit of oxaliplatin-containing adjuvant chemotherapy after curative resection for rightand left-sided stage III colon cancers remains limited. 17, 18 In addition, it remains unknown whether primary tumor location is associated with the acute toxicities that prevented the completion of adjuvant chemotherapy. Moreover, based on the different abovementioned features, the survival benefit of the full course of adjuvant chemotherapy for site-specific stage III colon cancers might also be questioned. We hypothesized that the efficacy of oxaliplatin-containing adjuvant chemotherapy is not only influenced by tumor stage but also by tumor location.
To test this hypothesis, this study explored the association of site-specific colon cancers with survival outcome and chemotherapy-related toxicities. In addition, we also aimed to identify subgroups of patients with specific-sided colon cancer who benefited from a full course of adjuvant chemotherapy to optimize the duration of adjuvant chemotherapy for stage III colon cancer.
Patients and methods

Patient selection
This study included 321 consecutive patients diagnosed with stage III colon cancer who received tumor resection followed by adjuvant chemotherapy from December 2007 to December 2013 at Sun Yat-sen University Cancer Center. The enrolled patients met the following inclusion criteria: 1) histologically confirmed adenocarcinoma; 2) American Society of Anesthesiologists class I-II; 3) curative resection for colon tumor; 4) XELOX adjuvant chemotherapy (oxaliplatin 130 mg/m 2 administered intravenously on day 1 and capecitabine 1000 mg/m 2 administered orally twice daily on days 1-14 for a 3-week cycle); 5) no anti-cancer therapy before surgery; and 6) postoperative follow-up period ≥3 months. Forty-seven patients were excluded for the following reasons: postoperative chemotherapy with other regimens (n = 36); lost to follow-up (n = 7); and palliative tumor resection (n = 6). In total, 274 eligible patients with stage III colon cancer were attentively reviewed from the medical records, including patient demographics, tumor characteristics, and adjuvant chemotherapy toxicity. This study was performed according to the ethical standards of the World Medical Association Declaration of Helsinki and was approved by the institutional review board and independent ethics committees of Sun Yat-sen University Cancer Center. Informed consent was waived off because of the nature of retrospective study, and confidentiality was maintained for patient data.
Parameter definitions
The pathological tumor-node-metastasis (TNM) classification was defined according to the criteria of the 2010 American Joint Commission on Cancer (AJCC)/International Union Against Cancer. Tumor location was confirmed by intraoperation. Based on the definition in previous studies, 19, 20 RCC included the cecum, ascending colon, hepatic flexure, and transverse colon, whereas LCC included the splenic flexure, descending colon, and sigmoid colon. Major toxicities during adjuvant chemotherapy were graded according to the National Cancer Institute Common Toxicity Criteria version 4.0.
Follow-up
The follow-up data for all of the included patients were available from the follow-up system for analysis. Routine check-up, blood tests to detect carcinoembryonic antigen (CEA) and carbohydrateantigen19-9 (CA19-9), abdominal ultrasonography, and chest radiography were conducted every 3 months. Chest/abdominal/pelvic CT scans and colonoscopies were performed annually. The last follow-up visit was in December 2016. Overall survival (OS) was defined as the interval (in months) from the date of surgery until death from any cause or the last follow-up, whereas DFS was defined as the interval (in months) from tumor resection to disease recurrence, death, or the last follow-up. Notes: *XelOX adjuvant chemotherapy was administered as follows: oxaliplatin at a dose of 130 mg/m 2 was administered intravenously on day 1, and capecitabine was administered orally at a dosage of 1000 mg/m 2 twice daily on days 1-14 for a 3-week cycle. Abbreviations: BMi, body mass index; TnM, tumor-node-metastasis; Cea, carcinoembryonic antigen. significant in univariate Cox models were further assessed with multivariate Cox models using a forward stepwise method. Hazard ratios (HRs) and 95% CIs were subsequently calculated. All of the statistical tests used in this study were two-sided, and a P-value < 0.05 was considered significant.
Results
Patient characteristics
The clinicopathological and treatment data regarding all eligible patients are summarized in Table 1 Figure 1 , the median cycle of XELOX adjuvant chemotherapy for all of the patients was 6 (range, [1] [2] [3] [4] [5] [6] [7] [8] .
Relationships between site-specific colon cancers, clinicopathological variables, and toxicities
Relationships between site-specific colon cancers and clinical parameters are presented in Table 1 . A lower baseline hemoglobin proportion (<90 g/L) was more common in patients with RCC than in those with LCC (23.6% vs. 9.8%; P = 0.002). Patients with RCC were more likely to exhibit a large tumor (>4 cm) than those with LCC (60.6% vs. 40.9%; P = 0.001). A larger number of resected lymph nodes (>12) occurred more frequently in RCC patients than in LCC patients (86.4% vs. 64.6%; P < 0.001). However, there were no significant differences observed regarding age, gender, baseline body mass index, tumor differentiation, TNM stage, preoperative serum CEA level, and cycles of adjuvant chemotherapy.
The major toxicities during adjuvant chemotherapy are presented in Table 2 . Grade 1 neurotoxicity was more common in patients with RCC than in those with LCC (53.6% vs. 40.9 %, P = 0.037). No significant differences were identified for leucopenia, thrombocytopenia, nausea and vomiting, diarrhea, hand-foot syndrome, or hepatic disorder.
Survival analysis of site-specific colon cancers
In this study, the median follow-up period for total patients was 46 months (range, 3-74 months). During this period, 53 (19.3%) patients experienced tumor metastasis; in total, 30 (10.9%) patients died of tumor progression. As shown in Table 3 , abdominopelvic metastasis was more common in RCC patients than in LCC patients (10.9% vs. 
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Prognosis of different sided colon cancers metastasis, and lung metastasis were not significantly different between RCC and LCC (all P > 0.050). The 3-year DFS and OS rates were 81.8% and 91.4% in the entire study population, respectively. Although no significant difference was observed in the 3-year DFS rate (78.7% vs. 83.8%; P = 0.303; Figure 2A ), RCC patients exhibited a significantly worse 3-year OS rate than LCC patients (86.1% vs. 95.0%; P = 0.016; Figure 2B ). There were no differences in DFS and OS rates among patients with stage IIIA-B colon cancer between RCC and LCC (DFS: 86.7% vs. 87.2%; P = 0.944; Figure 2C ; OS: 91.6% vs. 96.0%; P = 0.526; Figure 2D ). However, among patients with stage IIIC colon cancer, the 3-year DFS rate was slightly lower, and OS rates were significantly lower in RCC patients than in LCC patients (DFS: 52.2% vs. 72.2%, P = 0.062, Figure 2E ; OS: 63.7% vs. 91.5%, P = 0.003, Figure 2F ). As shown in Table 4 , univariate analysis revealed that RCC (HR: 2.243; 95% CI: 1.089-4.619; P = 0.020) was a significant negative predictor of 3-year OS, whereas 6-8 cycles of adjuvant chemotherapy (HR: 0.308; 95% CI: 0.148-0.640; P = 0.002) were a significant protective factor for the 3-year OS. In multivariate analysis, tumor location (HR: 2.213; 95% CI: 1.063-4.606; P = 0.002) and cycles of adjuvant chemotherapy (HR: 0.325; 95% CI: 0.156-0.678; P = 0.003) were identified as independent predictors of 3-year OS.
The association between long-term survival and different total cycles of adjuvant chemotherapy was evaluated in LCC and RCC patients. Among patients with LCC, no significant difference was observed for 3-year DFS and OS rates between those who received 6-8 cycles and those who received less than 6 cycles of adjuvant chemotherapy (DFS: 82.3% vs.
92.0%, P = 0.418, Figure 3A ; OS: 95.5% vs. 92.0% P = 0.353, Figure 3B ). However, among RCC patients, the 3-year DFS and OS rates were significantly higher for patients who received 6-8 cycles of adjuvant chemotherapy than for those who received less than 6 cycles of adjuvant chemotherapy (DFS: 85.2% vs. 58.5%, P = 0.003, Figure 3C ; OS: 91.4% vs. 69.8%, P = 0.002, Figure 3D ).
Discussion
This study demonstrated a significant difference in prognostic outcome between patients with right-and left-sided stage III colon cancers who had undergone curative resection and XELOX adjuvant chemotherapy. Patients with RCC exhibited a worse 3-year OS than those with LCC. Additionally, the difference was larger in patients with stage IIIC colon cancer. Furthermore, we found that patients with RCC treated with 6-8 cycles of XELOX adjuvant chemotherapy exhibited longer survival, but patients with LCC did not. Importantly, tumor location was demonstrated to be an independent prognostic factor for 3-year OS in this study.
Previous studies have also reported that patients with stage III RCC likely present a significantly increased mortality risk compared with those with LCC. 17, 21, 22 By analyzing various stages of colorectal cancer, Huang et al observed a poorer OS in patients with RCC than those with LCC, whereas significant differences were only noted in stage III patients. 21 For patients treated with curative resection and subsequent oxaliplatin-based adjuvant chemotherapy, Sinicrope et al found that RCC was significantly associated with a shorter DFS than LCC in patients with BRAF-wild-type stage III colon cancer. 17 Similarly, Zhang et al demonstrated that both the 5-year recurrence-free survival and 5-year OS were significantly different and showed that survival gradually decreased for tumors from the cecum to the sigmoid colon. 22 However, how many adjuvant chemotherapy cycles were administered was not discussed in the abovementioned studies. It was noted that a shorter duration of adjuvant chemotherapy generated worse prognostic outcomes in patients with colon cancer. 23 In our study, we identified 6-8 cycles of adjuvant chemotherapy as a protective factor for 3-year OS, whereas chemotherapy cycles were not significantly different between colon cancers, and at least 6 cycles (median) were received by patients harboring tumors at each site. Therefore, the different efficacy of oxaliplatin adjuvant chemotherapy depending on colon cancer location might be an important factor affecting survival.
Here, the different clinical and biological profiles of RCC and LCC might contribute to different prognostic benefits 
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Peng et al from oxaliplatin-based adjuvant chemotherapy. Generally, RCC symptoms are easily ignored or often nonspecific. Thus, patients were more likely to have experienced a long period of tumor progression at the time of diagnosis and treatment. We found that patients with RCC more commonly had severe anemia (hemoglobin <90 g/L) and a larger tumor (>4 cm) at the time of surgery. Previous studies have also observed that advanced pathologic T (pT) stage, poor nutritional status (weakness and weight loss), and older age occurred more frequently with RCC. 13, 24 A higher tumor burden and severe nutritional deficiency might lead to poor survival in RCC patients. In addition, the diverse pathological features 
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Prognosis of different sided colon cancers and molecular biology of site-specific colon cancers might account for the different prognoses. Poor differentiation, increased frequency of vascular invasion, and an invasive tumor border are commonly observed in RCC. 25, 26 In fact, these aggressive and advanced tumor features likely contribute to postoperative metastasis. This study found that the incidence of abdominopelvic metastasis was significantly higher in RCC patients than in LCC patients, which has been demonstrated as a risk factor resulting in the worst survival outcome. 27 The levels of specific biomarkers, including MSI, CIMP level, and BRAF and KRAS mutations, gradually increase from the distal to the proximal colon.
14,28 BRAF 
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Peng et al V600E mutation and KRAS exon 2 mutations are correlated with a worse prognosis in stage III colon cancers. 18, 29 Herein, these biological distinctions between RCC and LCC could also be translated into important differences in survival.
To date, a general consensus has been developed that tumor location is an important variable in the management of colon cancer. 30, 31 Our study found a different survival impact for adjuvant chemotherapy duration in patients with either RCC or LCC. A survival benefit from the full course of adjuvant chemotherapy was only observed in patients with RCC. This finding indicated that a full course of adjuvant chemotherapy is not equally effective to treat different sided colon cancers. However, the underlying mechanisms creating different outcomes after a full course of adjuvant chemotherapy for RCC and LCC remain unclear. We considered that advanced tumors were more frequently observed on the right side, and these tumors might benefit from more intensive chemotherapy. 5, 32 In this study, 75.5% of patients with RCC successfully completed 6-8 cycles of the XELOX chemotherapy regimen with good tolerability and comparable toxicities to LCC. Therefore, we recommend 6-8 cycles of XELOX chemotherapy for patients with RCC to minimize the risk of postoperative tumor recurrence.
Limitations
First, this retrospective study included an uncontrolled methodology and a limited number of patients from a single cohort. Therefore, the findings need to be validated in a larger prospective study. Second, the short follow-up time duration was insufficient to evaluate 5-year survival outcomes. This limitation may have led to underestimation of the prognostic impact of tumor location on DFS. Moreover, tumor molecular features, such as MSI, CIMP level, and BRAF and KRAS mutations, were not evaluated in this study; this analysis would further enhance our understanding of the prognostic impact of molecular markers on site-specific colon cancers. Nevertheless, our findings suggest that tumor location is an important factor that should guide adjuvant chemotherapy in stage III colon cancer.
Conclusion
This study demonstrated that tumors arising on different sides generate different prognostic outcomes in patients with stage III colon cancer who received adjuvant chemotherapy after curative resection. The full course of adjuvant chemotherapy might only benefit RCC patients. The tumor location is suggested to be an important clinical factor that can optimize the therapeutic adjuvant chemotherapy strategies. Further prospective studies are warranted to confirm these findings.
